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Abstract
Background: Thinness in children and adolescents is largely under studied, a contrast with abundant literature on
under-nutrition in infants and on overweight in children and adolescents. The aim of this study is to compare the
prevalence of thinness using two recently developed growth references, among children and adolescents living in
the Seychelles, an economically rapidly developing country in the African region.
Methods: Weight and height were measured every year in all children of 4 grades (age range: 5 to 16 years) of all
schools in the Seychelles as part of a routine school-based surveillance program. In this study we used data
collected in 16,672 boys and 16,668 girls examined from 1998 to 2004. Thinness was estimated according to two
growth references: i) an international survey (IS), defining three grades of thinness corresponding to a BMI of 18.5,
17.0 and 16.0 kg/m2 at age 18 and ii) the WHO reference, defined here as three categories of thinness (-1, -2 and
-3 SD of BMI for age) with the second and third named “thinness” and “severe thinness”, respectively.
Results: The prevalence of thinness was 21.4%, 6.4% and 2.0% based on the three IS cut-offs and 27.7%, 6.7% and
1.2% based on the WHO cut-offs. The prevalence of thinness categories tended to decrease according to age for
both sexes for the IS reference and among girls for the WHO reference.
Conclusion: The prevalence of the first category of thinness was larger with the WHO cut-offs than with the IS
cut-offs while the prevalence of thinness of “grade 2” and thinness of “grade 3” (IS cut-offs) was similar to the
prevalence of “thinness” and “severe thinness” (WHO cut-offs), respectively.
Background
Although the prevalence of overweight is increasing
worldwide, underweight remains a major public health
problem and is a leading cause of the burden of disease in
low income countries [1]. Underweight is linked to growth
faltering and is associated with increased morbidity and
mortality [2-6]. Monitoring growth and nutritional status
during infancy and childhood is therefore of primary
importance. Thinness can be a marker of malnutrition
although thin children are not necessarily undernourished.
Thinness in school children and adolescents is largely
under studied, contrasting with the vast amount of
literature on infant malnutrition and a current focus on
overweight in children and adolescents.
Recently, two growth references have been developed
for the classification of overweight and thinness in school
children and adolescents and both apply the indicator of
body mass index (BMI) for age [7,8]. In 2007, Cole et al.
[7] developed three grades of thinness, based on an inter-
national survey (hereafter referred to as “IS” cut-offs) of
nationally representative samples of children aged 6 to 18
years, between 1963 and 1993. IS cut-offs were deter-
mined using the LMS method previously applied in chil-
dren to assess overweight and obesity [9]. Also in 2007,
the World Health Organization (WHO) released a
growth reference for 5-19 years [8] based on a represen-
tative sample of children aged 1-17 years collected
between 1963 and 1974 in the United States [10], merged
with the WHO Child Growth Standards that were based
on data collected between 1997 and 2003 in children
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aged 18-71 months living in favourable socioeconomic
conditions in six developed and developing countries
[11,12].
Few studies have compared the prevalence of thinness
categories in school-aged children based on the IS and
the WHO cut-offs [13-16]. In studies in Russia [16] and
Brazil [13,14], the prevalence of thinness was higher
when assessed with the WHO than with the lS cut-offs,
while the opposite was found in Bolivia [15]. It is inter-
esting to note that no study defining thinness using the
new IS or WHO cut offs was included in a recent review
of 369 studies from76 different countries that examined
the nutritional status, including thinness, of school aged
children [17]. This further stresses the need for studies
assessing the performance of the IS and WHO cut-offs of
thinness in populations.
In this paper, we compare the prevalence of thinness
categories based on the IS cut-offs and the WHO cut-
offs [7,8] using a large nationally representative sample of
children and adolescents in the Republic of Seychelles.
Methods and population
The Seychelles is an economically rapidly developing small
island state in the African region, where a high prevalence
of overweight/obesity has been documented in adults and
children [18-22]. Under-nutrition is no longer considered
a major public health problem in the Seychelles, in con-
trast to several other countries in the region.
This study used the pooled data set of the annual
school-based surveillance program conducted in the
Seychelles between 1998 and 2004. All children attend
obligatory school up to the 10th grade in the Seychelles.
The majority of the population is of African descent with
minorities of European, Indian, and Chinese origins. The
sampling frame, measurement methods and results for
overweight/obesity have been published previously
[19,23].
Briefly, data were collected every year by approximately
20 school nurses in all children in four selected grades of
obligatory school: kindergarten, 4th, 7th and 10th grades,
in children aged [mean (± SD)] 5.4 (±0.4), 9.1 (±0.4), 12.5
(±0.4), and 15.6 (±0.5) years, respectively (~6000 children
were screened every year). Eligible children consist of the
entire population of the country. A written consent was
sought from the parents before screening as part of the
routine procedure. Virtually no parents or children
declined participation. Because nurses performing the
screening in schools also have regular duties in health
centres, screening in schools may not always be as com-
pleted as expected. This underlies that a main reason for
non participation of children to the screening program is
likely due to random factors and not to students’ perso-
nal characteristics.
Weight was measured to the nearest 0.1 kg with sub-
jects dressed in light garments and without shoes using
precision electronic scales (Seca 879, Seca, Hamburg,
Germany). Height was measured to the nearest 0.1 cm
against a wall using fixed stadiometers (Seca 870, Seca,
Hamburg, Germany). The equipment was regularly
checked for accuracy and school nurses were trained
every year on the measurement procedures. BMI was
calculated as the ratio of weight to height squared (kg/
m2). Thinness was determined using the age and sex
specific IS and the WHO cut-offs, as provided in tables
in the original papers referring to these standards [7,8].
The IS cut-offs define three grades of thinness based on
centiles passing at age 18 years through BMI 18.5, 17.0
and 16.0 kg/m2, respectively [7]. The WHO cut-offs are
provided for -1, -2 and -3 standard deviations (SD) for
BMI-for-age, of which <-2 SD defines “thinness” and
<-3 SD “severe thinness” [8].
We generated, separately for boys and girls, third
degree polynomial functions of BMI cut-offs according
to age for each thinness category based on the BMI cut-
off values tabulated at age intervals of 0.5 year for the IS
[7] and age intervals of 1 month for WHO (http://www.
who.int/growthref). Thinness (yes or no) for the differ-
ent IS and WHO grades was defined for each child (i.e.
at individual level) by comparing the actual age and sex
specific BMI to the BMI predicted by the polynomial
age and sex specific function. Analyses were performed
with Stata 10 (Stata Corp LP, College Station, USA).
Results are expressed as mean ± SD for continuous vari-
ables and as percentage and (95% confidence interval)
for prevalence. Because results refer to the entire popu-
lation of children and adolescents of the country, confi-
dence intervals may not be informative in this situation.
Results
From a total of 43,259 eligible children seen one or
more times between 1998 and 2006, weight and height
were available for 33,340 children (16,672 boys, 16,668
girls), corresponding to an overall participation rate of
77%. Because surveys took place every year in the four
selected grades, and same children were expected to be
seen at intervals of 3-4 years as they move through
higher grades, observations among 33,340 children dur-
ing 9 years corresponded to observations in 19’764 dif-
ferent children.
Table 1 illustrates the distribution of selected anthro-
pometric data by sex and school grade. At any given age,
boys tended to be taller than girls, particularly in the
upper school grades, whereas girls tended to have higher
BMI than boys. The prevalence for overweight including
obesity displayed in Table 1 was calculated using the
International Obesity Taskforce (IOTF) cut-offs [9]. The
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prevalence was highest for the 7th grade with 13% and
19% for boys and girls, respectively.
Figures 1 and 2 display, in boys and girls respectively,
the scatter plot distribution of BMI according to age
and the curves corresponding to the cut-offs for the
three thinness categories for both the IS and the WHO
growth references. In order to distinguish individual
observations, data are restricted to the year 2004 (2,446
boys and 2,408 girls).
Table 2 shows the prevalence of thinness categories in
boys and girls, according to the IS and the WHO cut-
offs in the whole sample. Overall (boys and girls
together), the prevalence of the first thinness category
was higher with the WHO than with the IS cut-offs
(25.7% vs. 21.4%), no difference was observed for the
second thinness category with either IS or WHO cut-
offs (6.7% vs. 6.4%) and the prevalence of the third thin-
ness category was lower with the WHO cut-offs than
with the IS cut-offs (1.2% vs. 2.0%). The prevalence of
the second and third thinness categories was higher in
girls with the IS than with the WHO cut-offs, whereas
the prevalence for the second thinness category was
higher in boys with the WHO cut-offs than with the IS
cut-offs. Of note, sex differences in the prevalence of
the second and third thinness categories were small in
absolute terms.
The prevalence of categories of thinness by age and
gender is summarized in Figure 3 (IS cut-offs) and in
Figure 4 (WHO cut-offs). Several observations can be
made when comparing the two figures. First, there was
no large overall difference when comparing the IS and
the WHO classifications: the prevalence of the first thin-
ness category, by age and sex, ranged between 15-30%,
the prevalence of the second thinness category ranged
between 3-10% and the prevalence of the third category
ranged between 0.5-3%. Second, the prevalence of the
first thinness category was higher with the WHO than
with the IS cut-offs for most age and sex categories
while there was no marked difference between either
cut-offs with the two most stringent categories. Third,
Table 1 Anthropometric characteristics of the study population, according to sex and school grade
N Age (years) Weight (kg) Height (cm) BMI (kg/m2) Overweight including obesity (%)*
Boys
Kindergarten 3,980 5.5 (0.4) 19.4 (3.5) 112.8 (5.7) 15.2 (2.0) 9.7 (8.8 - 10.6)
4th grade 4,489 9.2 ( 0.4) 29.5 (7.0) 133.8 (6.3) 16.3 (3.0) 12.4 (11.5 - 13.4)
7th grade 4,262 12.5 (0.4) 42.2 (11.0) 151.8 (8.4) 18.2 (3.7) 13.2 (12.2 - 14.2)
10th grade 3,941 15.7 (0.4) 57.7 (11.3) 169.7 (7.6) 20.0 (3.3) 10.0 (9.0 - 10.7)
Girls
Kindergarten 3,735 5.5 (0.4) 19.0 (3.3) 111.9 (5.8) 15.1 (2.0) 12.3 (11.2 - 13.3)
4th grade 4,411 9.2 (0.4) 30.1 (7.8) 133.8 (6.8) 16.7 (3.4) 17.8 (16.6 - 18.8)
7th grade 4,276 12.5 (0.4) 46.0 (11.5) 154.0 (7.2) 19.2 (4.1) 19.0 (17.8 - 20.2)
10th grade 4,246 15.7 (0.4) 54.9 (11.9) 160.2 (6.4) 21.3 (4.2) 18.1 (17.0 - 19.3)
*Overweight and obesity are defined according to the IOTF criteria [9].
Results are expressed as mean (SD) for continuous variables and as percentage (95% confidence interval) for prevalence.
Figure 1 Distribution of BMI-for-age in boys and comparison
of the IS and WHO cut-offs. The Y axis is truncated at BMI
20 kg/m2.
Figure 2 Distribution of BMI-for-age in girls and comparison of
the IS and WHO cut-offs. The Y axis is truncated at BMI 20 kg/m2.
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the prevalence of all thinness categories tended to
decrease according to age, particularly with the IS cut-
offs.
Discussion
Two growth references enabling the assessment of three
thinness categories in school-going children have been
issued recently based on different samples and different
ways to assess the cut-offs [7,8]. The IS categories refer
to thinness of grades 1, 2 and 3 (which reflect on how
current BMI would correspond to BMI at age 18) while
the WHO growth reference allows to define three thin-
ness categories (based on BMI for age set at -1, -2, and
-3 SD) with the second and third categories referred to
as “thinness” and “severe thinness”. Among children in
the Seychelles aged 5 to 16 years, the prevalence of the
first thinness category was higher with the WHO than
with the IS cut-offs (25.7% vs. 21.4%), while no marked
difference, in absolute terms, was observed when com-
paring the second (6.7% vs. 6.4%) and third (1.2% vs.
2.0%) thinness categories according to either classifica-
tion. The prevalence of thinness categories tended to
change with age for both sexes for the IS reference and
among girls for the WHO reference. This first compari-
son of the IS and WHO cut-offs of thinness in a popu-
lation-based sample of children in a country in the
African region extends the yet limited knowledge in
other regions [13-16].
Because they provide a common denominator, both
the IS and WHO thinness categories allow to compare
nutritional status across countries, follow trends, and
look at global patterns [24]. It must be remembered that
normative references are not meant for value judgement
and, accordingly, the interpretation related to health sig-
nificance is not the main objective of the IS or WHO
cut-offs. While elevated BMI in youth is clearly linked
with a variety of morbidity outcomes [25], the clinical
significance of thinness categories in children and ado-
lescents is still scarce [26-29]. In a previous study in
Seychelles, we showed substantially lower physical fit-
ness among both overweight and thin children, as com-
pared to “normal” weight children [5].
Determining the clinical value of thinness categories is
complicated by several factors i.e. changes in body compo-
sition with growth [30,31], variation in body frame size,
relative leg length or muscle mass across populations
Table 2 Prevalence of thinness categories based on the IS cut-offs and the WHO cut-offs
Categories Boys (n = 16,672) Girls (n = 16,668) Total (n = 33,340)
IS cut-offs
Grade 1 <18.5 kg/m2 * 22.5 (21.9 - 23.2) 20.3 (19.7 - 20.9) 21.4 (21.0 - 21.9)
Grade 2 <17.0 kg/m2 * 6.2 (5.8 - 6.6) 6.6 (6.2 - 7.0) 6.4 (6.2 - 6.7)
Grade 3 <16.0 kg/m2 * 1.6 (1.4 - 1.8) 2.3 (2.1 - 2.6) 2.0 (1.8 - 2.1)
WHO cut-offs
<-1 SD 27.8 (27.1 - 28.5) 23.7 (23.0 - 24.3) 25.7 (25.2 - 26.2)
Thinness <-2 SD 7.7 (7.3 - 8.1) 5.7 (5.4 - 6.1) 6.7 (6.4 - 7.0)
Severe thinness <-3 SD 1.4 (1.2 - 1.6) 1.0 (0.9 - 1.2) 1.2 (1.1 - 1.3)
IS cut-offs: criteria from an international survey [7]; WHO cut-offs: criteria from the World Health Organization [8]; SD: standard deviation.
Results are expressed as percentage (95% confidence interval).
*at age 18 years
Figure 3 Prevalence of grades of thinness according to age
and gender according to the IS cut-offs.
Figure 4 Prevalence of grades of thinness according to age
and gender according to the WHO cut-offs.
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[32,33] and differences in timing and tempo of adolescent
growth spurt, peak height velocity and sexual maturation
across populations [34].
In the absence of a gold standard, the development of
thinness categories is challenging. Universal growth cut-
offs (both thinness and overweight) should be based on
data collected in populations that don’t suffer from
either excessive overweight or underweight problems
[24,35,36]. The “true” prevalence of a specified thinness
indicator (e.g. “severe thinness”) would be underesti-
mated if the base population from which the indicator is
derived was undernourished and, inversely, overesti-
mated if there was no under-nutrition problem in that
reference population. The WHO cut-offs take these fac-
tors into consideration since growth references are
based on data collected both before the obesity epidemic
and among non-deprived children. This also applies,
partly, to the IS cut-offs that are based on data mainly
collected before the upswing of the obesity epidemic.
Building new standards or updating old growth curves
would need appropriate adjustment to correct for the
secular upward shift in population mean BMI along the
overweight epidemic worldwide [29].
The strengths of this study include a large sample size,
a population-based design, a high participation rate and
a broad range in the age of children and adolescents. A
limitation is that weight and height were measured
within a routine surveillance program. This may incur
some random measurement error that may have impact
on the estimates when studying the distribution of
extreme values (e.g. severe thinness). Further studies
should examine whether categories of thinness are
related to ethnic differences (and if yes in what way),
when using the BMI as an indicator.
Conclusion
In this population of children and adolescents aged 5-16 in
the Seychelles, the prevalence of thinness based on a
deviation of one standard deviation of BMI for age
(WHO) was higher than the prevalence of thinness of
grade 1 with the IS cut-offs. The prevalence of thinness of
grades 2 and 3, assessed with the IS cut-offs, was not lar-
gely different than the prevalence of “thinness” and “severe
thinness”, assessed with the WHO cut-offs. The preva-
lence of thinness tended to change according to children’s
age and there were also some differences according to sex.
Similar studies should be conducted in other populations
in the region. More generally, findings in diverse popula-
tions should be reviewed in order to provide general gui-
dance for health professionals on the use of these thinness
standards. Furthermore, while universal cut-offs derived
from normative approaches are useful for international
comparison, studies should clarify the health significance
of the different thinness categories.
What is known
• Two universal references for assessing thinness in
children and adolescents have been recently published
(referred as the “WHO” cut-offs and the “IS” cut-offs),
based on different normative (statistical) procedures,
and each definition provides three categories of thinness
• With a common denominator, both the IS and
WHO thinness categories allow to compare nutritional
status across countries, follow trends and look at global
patterns
• Few population-based studies have compared the IS
and WHO cut-offs and none in the African region
What the study adds
• The prevalence of the first thinness category was
higher with the WHO cut-offs than with the IS cut-offs
while there was no marked difference, in absolute terms,
between the second and third thinness categories with
either cut-offs
• The prevalence of thinness categories decreased
along increasing child’s age for both sexes using the IS
reference and for girls using the WHO references
• Further studies are needed to assess the health sig-
nificance of these thinness categories in different
populations
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